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Summary 

The performance of various contour geometries 
were evaluated to help understand why a contoured 
stator improves performance. These contours had an 
inlet area larger than the exit area. A quasi-three- 
dimensional analysis was used. The results of a hub- 
shroud midchannel stream surface analysis were used 
to obtain solutions on blade-to-blade surfaces. 
Solutions were obtained for several streamlines from 
the hub to the tip. Surface velocities were used to 
calculate profile and end-wall losses. Comparing 
analytic results with previously published 
experimental data showed reasonably good 
agreement. 

The effect of contour geometry for a highly loaded 
stator was analytically investigated. Inlet- to exit- 
passage-height ratio, contour length, and location of 
the contour significantly affected stator 
performance. Efficiency increased with increased 
passage-height ratio until a ratio of 1.2 was reached. 
The gain was 0.8 percentage point over the efficiency 
of 96.4 percent for the cylindrical end-wall case. This 
corresponded to a 22-percent reduction in stator 
losses. The tip radius was kept constant for the first 
half of the chord. Longer contours resultea in less 
efficiency gain, while shorter contours resulted in 
loss of tangential momentum. Terminating the 
contour upstream of the trailing edge yielded smaller 
efficiency gains. The contour shape and the hub to 
tip radius ratio were found to have little effect for the 
particular cases investigated. When end-wall 
contouring was examined for a lightly loaded stator, 
the improvement was significantly less. 

To understand how end-wali contouring would 
affect secondary flow, comparisons were made for 
surface velocities at different radial positions and for 
blade surface static pressures. Where the flow is 
turned rapialy, surface velocities were reduced. 
Therefore, the driving force for cross-channel flows 
on the end-walls was reduced. Pressure distribution 
on the blade suction surface showed a reduced 
driving force for radial secondary flows, 

Introduction 

In the quest for improved turbine performance, 
one of the tools which may be used is contouring the 
end wall of an axial stator. This is done using a 


noncylindrical end wall with the passage area greater 
at the inlet than at the exit. The outer end wall is 
contoured to accomodate this area change. The 
amount of area change, the length of the contour, 
and its location within the passage are important 
considerations in the contour design. Contouring the 
end wall has the potential for reducing stator losses in 
two ways. First, the boundary layer growth is 
modified due to the lower velocity at the inlet and 
during most of the turning. Second, there is a 
reduction in secondary losses by virtue of the reduced 
pressure gradient both across the channel and in the 
radial direction. The low velocity turning reduces the 
cross-channel pressure gradient, and contouring the 
outer wall reduces the radial pressure gradient. 

There have been several experimental studies 
showing the benefits of contoured end walls. 
References 1 to 4 showed improved performance due 
to end wall contouring. Reference 1 gives parametric 
data to determine contour geometry to achieve 
maximum gains for the blades tested. Reference 4 
gives data for a highly turned stator designed for an 
advanced core engine. 

The objective of the study reported herein was to 
gain an understanding of the factors that contribute 
to reduced losses when using contoured end walls as 
shown by the experimental studies. The approach 
involved the calculation of boundary-layer losses for 
different contour geometries and the examination of 
the static-pressure distributions that drive secondary 
flows. To establish the appropriateness of the 
analytic procedure, comparisons are made with the 
experimental results of reference 4. A quasi-three- 
dimensional flow analysis was used. The flow 
properties on the hub-shroud, midchannel, stream 
surface were first determined using the computer 
code described in reference 5. The results of this 
analysis were then used to calculate flow properties in 
the blade-to-blade direction for several stream 
surfaces using the computer code described in 
reference 6, The resulting velocity distributions were 
used in a boundary-layer analysis (re ’’t to 
determine profile and end-wall losses. 

In addition to the comparison with experimental 
data, the effect of different contour geometries on 
stator performance was examined analytically. To 
understand how end-wall contouring affects the 
driving forces for secondary flows, a single contour 
was examined in detail. 


Symbols 

A tixiul aspect ruliu at stator exit 
</ icngtli of initial constant area section, lu'reent 
of eliord 

/> letigtli of contour, percent of eliord 
/» ratio of passage inlet height to passage exit 
height 

A/* critical velocity ratio 

Method of Analysis 

l•■igurc 1 shows the geometry of a contoured end- 
wall configuration. The blade passage is bounded by 
two blades, a cylindrical hub, and u contoured tip. 
The tip contour is axisymmetrie rather than being 
alined with the direction of the flow. In the three- 
dimensional sketch the contour appears to be fairly 
shallow. Phis is the result of the large amount of 
turning in the pa.ssage. The projection shows a rapid 
change in end-wall radius in the last half of the 
chord. The analysis was dotie by specifying 
conditions upstream of the blade and the whirl, 
which varied with radius, a distance downstream ot 
the trailing edge. 




ttqiire 1. - Scht-mjlii ol hla* with a conltninM tip. 


An iterative procedure was used to determine 
stator performance. In the proeedure an initial 
estimate was made for the downstream whirl. With 
this estimate the flow-field velocity distribution was 
determined using a quasi-three-dimensional invi.scid 
analysis. Once the sclocity distribution was found, a 
boundaty-layer analysis was done to determine 
momentum thicknesses on both the blade surfaces 
and end walls. A cheek was made of the static- 
pressure difference across the blade near the trailing 
edge. Wheti this difference did tiot approach zero, 
the estimate of the downstream whirl distribution 
was changed, and the procedure repeated. 

The quasi-thrce-ditncnsional How attalysis was 
accomplished using the results of two flow programs, 
liaeh program analyzes the How in a single platie. 
The first progratn, MliRIDL (described in ref. .^) 
calculates flow properties on the hub-.shroud 
midchannel stream surface. One of the results of this 
program is the stream-sheet thickness necessary to 
pass 1 percent of the total How on a blade-to-blade 
surface of revolution. The thickness varied as a 
function of radius and axial distance. The calculated 
thicknesses were used as part of the input to the 
second flow analysis program. This program, 
TSONIC (described in ref. 6) calculates flow 
properties on blade-to-blade surfaces. Typically, the 
surfaces were the hub, tip, and three additional 
streamlines within the passage. The attalysis was not 
fully three dimensiottal. This was because the stream 
sheet thickness ttecessary to pass 1 percent of the flow 
could not vary in the blade-twblade direction, and all 
surfaces on which the blade-to-blade analysis was 
done were surfaces of revolution. 

The surface velocities were used in a boundary- 
layer analysis to calculate displacement and 
itiomentunt thicknesses for both blade surface and 
etid-wall streatnlines. This boundary-layer analysis 
assumed turbulent compressible flow and was done 
using the program Bl.AYHR described in reference 7. 
The bouitdary-layer calculations were done for each 
iteration. The iteration procedure was stopped wheti 
the static-pressures oti each side of the bUide were 
approximately equal near the trailing edge. The 
boundary-layer analysis provided information 
regarding the uncertaitity in the los.ses as the 
iterations progressed. Generally, several iterations 
were required. The change in the static-pressure 
difference was small for the fittal few iterations. 
Since the stator lo.ss was proportional to the 
momentum thickness near the trailing edge, the 
variation in momentum thicknes.s for the last few 
iterations gave an estimate of the uncertainty in 
stator lo.ss. 

The total calculated loss for each case was taken .is 
the sum of the profile loss and end-wall loss. 1 he 
profile loss was calculated using the proceduie 


described in rel'crenee 8 for calculating the 
aflerniixed efficiency based on kinetic energy. This 
procedure involved integration in the radial 
direction. At each radius the required information 
was obtained using the analysis given in reference 9 
to determine mi.xed out losses. The end*wall loss was 
treated as being analogous to the profile loss for 
individual .streamlines. For the end-wall loss the first 
streamline is at the suction surface, and the last one is 
at the pressure surface. The loss for each streamline 
required boundary-layer data from the hub and 
shroud surfaces. The end-wall loss was calculated by 
averaging the loss for each of five streamlines. 

After the final How field iteration, the static 
pressure distributions on the blade surfaces were 
determined. The static-pressure distribution on each 
surface was obtained from the local total pressure 
and the blade surface velocities for each radial 
streamline. Because pressure loss was included as 
pan of the (low analysis, ilte total pressure decreased 
with distance along the streamline. 


Results and Discussion 

Cuinpnrlson of Experimental and Predicted Results 

To evaluate the appropriateness iif the analytic 
approach a comparison was made with experimental 
data. The experimental results arc presented in 
reference 4, where two tests were discussed. In the 
first a planar ca.scade was tested, and in the second, 
one end-wall was contoured. Two analytic cases were 
run to compare with these experimental data. The 
analysis used the same passage geometry as the 
experimental cascade, and a large radius was used to 
simulate a planar cascade. 

Figure 2 gives a comparison of the experimental 
and predicted flow angles for the contoured end-wall 
ca,se as a function of the distance from hub to tip. 
The experimental data were mass averaged at each 



Perrent span 

f iiniri* ?. - ('oniparison ot preillctfd and experimental 
(iiwn ll<m amiles one- third axial chord downstream or 
trail inq edne. ifxperimenlal data Irom ref. 4. i 


radial location, while the predicted flow angle was 
calculated by the program MERIDL. These data are 
compared at approximately one-third of an axial 
chord downstream of the trailing edge. The 
experimental data were measured with the zero 
reference in tlie tangential direction, which was 90* 
from the inlet flow direction. Analytically the flow is 
not uniformly turned at this distance downstream of 
the trailing edge. At this axial location the program 
TSONIC predicted a variation of about 4* in the 
blade-to-bladc direction at each radial streamline. At 
each radius the average angle calculated from the 
TSONIC results agreed well with the midchaimel 
angle given by MERIDL. 

Figure 3 gives a comparison of experimental and 
predicted blade-surface pressures at four spanwise 
locations. These locations are designated by their 
percent of exit span. The first three locations are at 
constant distances from the planar end wall, while 
the fourth is a constant distance from the contoured 
end wall. Tliere is reasonably good agrecnicm 
between the experimental and predicted data. Both 
show the minimum surface pressure on the suction 
surface occuring slightly beyond midchord. 

Reference 4 stated that experimentally there was a 
17-percent reduction in total pressure loss for the 
contoured end-wall case compared with the planar 






Relative distance along chord 

(r) ?’> Percent ol exit span. trtt So Percent ol exit span, 

Fk|ure \ - Comparison of predicted and experimental Wade stir 
face pressures for planar cascade with contoured end wall. 
Experimental data Irom ret. 4, i 


end-wall case, The profile losses were about the same 
in the midspan region for both tests. The authors 
attribute the experimental improvement to reduced 
secondary How Ios.ses, The quasi-three-dimensional 
analysis was done for each of the two experimental 
configurations. Analytically the profile losses for the 
contoured cascade were about the same as for the 
planar cascade. The calculated profile pressure loss 
was 1.2 percent, while the experimental profile 
pressure loss for the midspan region was 1 .0 percent . 
The calculated total -pressure loss for the contoured 
cascade was 1.9 percent. The experimental total- 
pressure loss for the same configuration was also 
1.9 percent. The calculated losses were based on 
boundary-layer growth. Any secondary loss not 
accounted for by boundary-layer growth should be 
added to the calculated loss. 

Analysis of Effect of Contour 
Geometry on Stator Performance 

A parametric analysis of contour geometry was 
undertaken to help understand why a contoured end 
wall resu.ts in improved performance. It was not 
expected that optimums resulting from this 
parametric analysis would hold for all stator designs, 
but it was felt that the trends would be applicable for 
stators of similar designs. While the blade design 
tested in the planar cascade and the stator design 
described in tabic I were both for the same 
application (the core turbine of an advanced energy 
efficient engine), they differed in several respects. 
The experimental stator had a higher turning angle, a 
higher a,\ial aspect ratio, and a lower axial solidity. 
The experimental tests were done for a planar 
cascade while the parametric analysis was done for 
an annular cascjide. The parametric analysis was 
done for a stator that was expected to benefit from 
the use of a contoured end wall, although the effect 
of stator design is discussed. The following table 
gives some characteristics of the stator, as well as the 
range of variables used in the parametric analysis. 


Trailing edge angle, deg 74 

Exit hub to tip radius ratio 0.86, 0.93 

Mean axial solidity at exit 0.63 

Ratio of chord to axial chord 2.0 

Axial aspect ratio at exit, .d 0.5 

Aspect ratio at exit 0.25 

Ratio of inlet to exit passage height ,h 1 .0 to 1 .3 

Uncontoured length, «. percent 0 to 71 

Length of contoured portion of 

end-wall, b, percent 29 to UX) 

Upstream velocity ratio (cylindrical case), A/‘ ..,.0.16 
Downstream mean radius velocity ratio (cvlindrical 

case), Sr 0.83 

Contour shape Variable 


The flow rate was held constant as the contour 
geometry was varied. Since the downstream whirl 
changed with contour geometry, the downstream 
velocity changed for different contour geometries. 

It was desired that the tlow near the end wall not 
be accelerated too rapidly when the transition to the 
contour occurred. To facilitate this, the contour was 
constrai’ied to have both zero curvature and zero 
slope at each end. For simplicity all contours were 
symmetric around their midpoint. A seventh order 
polynomial was used to meet the imposed constraints 
and allow the shape of the contour to be varied. 

Effect of inlet to exit passage height. - Figure 4 
compares the relative gain in efficiency as a function 
of the inlet to exit passage-height ratio. It can be seen 
from this figure that the maximum improvement in 
stator efficiency is approximately 0.8 percentage 
points. Since the efficiency of the uncontoured stator 
was 96.4 percent, the 0.8 percentage point gain in 
efficiency represents a 22 percent reduction in stator 
losses. The improvement in stator efficiency is due to 
both reduced profile loss and to reduced end-wall 
loss. The reduced profile loss contributes about two- 
thirds of the improvement, while the reduced end- 
wall loss contributes the remainder. 

Because of the cross-channel pressure gradients, 
there was considerable uncertainty in the end-wall 
loss. The improvement in end-wall loss occurred 
across the end wall, and not just near the blade 
surfaces. There would not be a significant effect on 
the results if no averaging was done, and the end-wall 
loss w'as calculated using only the midchannel 
streamline data. The end-wall loss calculated using 
only the midchannel streamline was somewhat lower 
than the loss using the average of five streamlines. 



Inlet- to outlet- iMssoqe-lH'kiht ratio, h 


Flqure 4. - Relative Improvement In stator analytic etti- 
ciency as (unction o( inlet- tooutiet-passaoc-hoiqtit ratio, 
lA-aS. i‘b1\ b«43M 
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Tlic relative improvement in end-wall loss due to 
contouring was about the same for either method of 
calculating the results. If the midchatmel loss was 
taken as the loss for the entire end wall, then the 
maximum gain in stator elficiency would still be ovci 
0.7 percentage point. 

The curves in figure 4 were slopped at a passage- 
height ratio of 1.3 because this height ratio resulted 
in near maximum efficiency gain. In addition, the 
higher passage-height ratios result in reduced 
tangential momentum. This occurred because the 
flow rate was held constant and the throat area 
increased with increased height ratios. At a passage- 
height ratio of 1 .2 the average lo.s.s in momentum was 
about 2 percent, while at a ratio of 1..3 the loss 
increased to about 4 percent. 

I'igure .“i compares blade surface velocities for a 
cylindrical and a contoured end wall. Data are shown 
for the hub, mean, and tip. The contour begins at 
57 percent of chord and ends at the trailing edge. The 
inlet to outlet passage-height ratio of 1.2 resulted in 
good efficiency gain without excessive loss of 
momentum. Most of the profile loss was due to 


boundary-layer growth on the suction surface, and 
figure 5 shows noiiecably different suction-surface 
velocities for the two cases. Boundary-layer growth is 
inhibited by keeping a favorable pressure gradient 
along the bhide for as long as po.ssiblc. The 
contoured end wall has the peak surface velocity 
occur further aft for the hub and mean sections. This 
resulted in reduced boundary-layer growth. For the 
tip section there are two steep acceleration phases for 
the contoured end wall. At the end of tlie second 
acceleration the boundary layer was reduced relative 
to the cylindrical section. However, the rapid 
deceleration from the peak velocity to the trailing 
edge yielded rapid boundary-layer growth. This 
resulted in nearly the .same profile loss for the 
contoured end wall at the tip, but the overall profile 
loss from tuib to lip was lower fo” *he contoured end- 
svall case. The reduction in e> o wett lo: • due to the 
contour was the result of net k.v>ual reduction in 
boundary-layer growth on the hub and on the tip. 

It was expected that the results shown in figure 4 
would not be applicable to blades that had 
significantly different surface velocities than shown 
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in figure 5 for the cylindrical ease. To check this, a 
diffo'cnt blade geometry was investigated. This blade 
was designed for a different application, but had 
about the same aspect ratio and turning angle. Fig- 
ure 6 shows the blade surface velocities for the 
cylindrical end-wall design. In this design the peak 
suction surface velocity occurred at about 90 percent 
of chord. This differed from the cylindrical case 
shown in figure 5 where the peak suction surface 
velocity occurs near midchord. As a result of the 
peak suction-surface velocity occuring at 90 percent 
of chord, the alternative design began with lower 
velocity turning. When the effect of end-wall 
contouring was examined for the alternative design, 
the improvement was only about half the 
improvement for the configuration used in the 
parametric analysis. 

Driving forces for secondary //ows. -Figure 1 
shows that most of the turning occurs in the first half 
of the axial distance. Figure 5 shows that the surface 
velocities are lower in this a.'ea for the contoured 


end-wall case. This results in a lower pressure 
difference across the passage and should result in 
reduced cross-channel flows near the end wall. 

One additional benefit of end-wall contouring is 
tiie ability to modify the radiai pressure gradient in 
an annular row of a turbine stator. If the gradient is 
reduced, the tendency for inward radial secondary 
flows is reduced. Figures 7 and 8 show the effect of 
end-wall contouring on the blade surface pressures. 
Figure 7 shows the ratio of a static to inlet total 
pressure as a function of the distance along the 
suction surface of the blades. The contoured case is 
for the same geometry as was used for the surface 
velocities shown in figure 5. Figure 7 also shows that 
the constant pressure curves are significantly 
different for the cylindrical and contoured end-wall 
cases. In the contoured end-wall case there is a 
smaller pressure gradient to drive radial inward 
secondary Hows. Also, the area of the blade surface 
over which the gradients are predominately radial is 
less for the contoured end-wall case. Figure 8 makes 
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Fkiure 0. - PliHle surface velocities for llqlitly loaded tylndncal stator. 


Ratio of static pressure 
to inlet total pressure 



lb) Contoured end wall. 


Pkjure 7. - Comparison ol analytic pressure distribution 
along suction surfaces for cylindrical and contoured 
end walls. Ih = 1. 2; - a 5, a • 57%, b • 43% ) 


Ratio of static pressure 
to Inlet total pressure 




lb) Contoured end wall. 


Figure 8. - Comparison of analytic pressure distributions 
along pressure surfaces lor cylindrical and contoured 
end walls, th » 1. 2. A • a 5, a • 57%, b • 43%. ) 

the same comparison e.xcep( for the pressure surface. 
From this figure it can be seen that there is little 
difference in surface pressures on the pressure 
surface between the two cases. 

Effect of contour length. - Figure 9 shows the 
effect of contour length on stator efficiency. Data are 
given for contours which end at the trailing edge. 
Re.sults are shown for two inlet to outlet passage- 
height ratios. As the contour length decreases from a 
full chord to about half a chord, there is an 
improvement in stator efficiency for both pa.ssage- 



Flgure 9. - Improvement in analytic efficiency 
for contours timt terminate at end of passage. 


height ratios. For shorter contour lengths there may 
be additional efficiency improvements, but they 
would be small. The iterations for individual data 
points were stopped when the uncertainty in the total 
loss was about 0.1 percentage point. Therefore, 
trends based on differences of this magnitude should 
not be considered significant. For the same height 
ratio, contours a full chord long have smaller passage 
areas in the region where the flow is turned rapidly 
than contours which begin near midchord. Contours 
which arc a full chord long can be viewed as having a 
lower effective height ratio than those which begin at 
midchord. Therefore, from the results shown in 
figure 4 it was expected that the efficiency gain would 
be less for longer contours. Figure 5(c), shows that 
there is a tendency for the tip suction surface velocity 
to overshoot the trailing edge velocity for the 
contoured end-wall case. The peak suction-surface 
velocity occurs at about 80 percent of chord for a 
contour 43 percent of the chord long. From figure 9 
il can be seen that there is no intprovement in 
efficiency when the contour length is reduced from 
43 to 29 percent of chord. For the shorter contour the 
peak velocity at the tip was higher because the rapid 
increase in surface velocity was further downstream 
in the passage. This higher peak velocity at the tip 
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leads to higher tip losses, which arc not entirely 
overcome by improvements elsewhere. 

Figure 9 docs not show the tangential momentum 
associated with each case. There was a decrease in 
momentum as the contour length decreased. When 
the contour was the full passage length, the loss in 
momentum was less than 2 percent for both height 
ratios. For a height ratio of 1.2 the loss was about 
2 percent, when the contour length was 43 percent or 
greater. When the contour was shortened to 
29 percent of chord, the loss increased to about 
8 percent . For a height ratio of 1 .3 the loss was about 
4 percent for contours that were 71, .S7, and 
43 percent of chord long. As either the height ratio 
increased or the contour was shortened, the throat 
area increased. Since the mass flow was held 
constant, the throat velocity decreased with increased 
throat area. This leads to lower downstream 
velocities, and consequently, lower tangential 
momentum. 

Contour location. -The effect of placing the 
contour so that it terminated ahead of the trailing 
edge was investigated. By providing a cylindrical tip 
downstream of the contour, tangential momentum 
was maintained within 1 percent of the cylindrical 
end-wall case. Unfortunately, the efficiency gains 
were reduced. Figure 10 illustrates the effect of 
ending the contour before the trailing edge on stator 
efficiency. The decrease in stator efficiency does not 
seem to warrant placing the contour so that it ends 
before the trailing edge. 

Effect of contour shape. - The contour shape was 
determined by specifying the slope at the midpoint of 
the contour. In the analysis, this slope was not varied 
in an arbitrary manner. The maximum slope used 



percent c( chord 
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was the largest one for which the tip radius within the 
contour did not exceed the inlet tip radius. The 
minimum slope was the smallest one which did not 
result in more than the single inflection point at the 
contour midpotu. The ratio of the midpoint slope to 
the slope calculated by dividing the change in tip 
radius by the cositour axial length varied between 
1.46 and 2.19. The effect of contour shape was 
investigated for the same contour configuration as 
svas used for the results shown in figures 5, 7, and 8. 
Over the range of midpoint slopes the change in 
stator efficiency was less than O.l percentage point. 
This indicated that a fifth-order polynomial would be 
sufficient to describe the contour profile. The fifth- 
order polynomial has a fixed slope ratio of 1.88, 
which is about midway between the two slope ratios 
used to define the extremes of desirable contours. 

Effect of radius ratio. - Based on the results given 
in reference 1 it was expected that a fairly low aspect 
ratio would be appropriate for the parametric 
analysis. The low aspect ratio would tend to result in 
stator designs with fairly high hub to tip radius 
ratios. To atisess the effect of radius ratio on stator 
performance, a single point comparison was made. 
The results shown previously were obtained using a 
radius ratio of 0.86 at the stator exit. The effect of 
increasing this ratio to 0.93 was investigated. Two 
additional cases were run using the higher radius 
ratio. Both cases had the same aspect ratio and 
solidity as was used previously. The first case was for 
a cylindrical end wall, and the second ca.se had the 
same contour geometry as the contoured end-wall 
case used for the results shown in figure 5, 7, and 8. 
The improvement in stator efficiency as a result of 
using the end-wall contour was about the same for 
the two radius ratios. 


Concluding Remarks 

Reduced stator losses and improved overall 
efficiency in turbines with low aspect ratio blading 
have been achieved through contouring the stator 
outer wall. These performance gains were attributed 
to reduced velocities in the region of rapid turning 
which resulted in reduced boundary -layer growth and 
secondary flow losses. No comprehensive analyses 
were available in the literature, however, to describe 
and quantify the changes in flow characteristics that 
accompanied the geometric changes. 

Consequently, a channel flow analysis was 
undertaken to provide a better understanding of end- 
wall contouring. The flow field in a variety of 
configurations was calculated using a combination of 
two-dimensional inviscid analyses and boundary- 
layer calculations. This approach resulted in a 
mapping of velocity and static pressure throughout 
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the stator passage, but could not determine the 
magnitude of cross-ehannel secondary flows on the 
blade surfaces and end walls. The output was 
therefore limited to ealculated boundary-layer losses 
without secondary flow effects and the static- 
pressure field that provided the driving forces for 
secondary flows. 

The result of this study substantially agreed with 
published experimental data in terms of trends for 
desirable contour geometries. On the basis of the 
calculated results, it appears that the performance 
improvement results fro n reduced velocities in the 
region of rapid turning. Low velocities in the region 
of rapid turning result in reduced boundary-layer 
growth. Also, the driving forces for secondary Hows 
are reduced in this region, which leads to the 
expectation of reduced secondary losses. This was 
one of the conclusions from the published 
experimental data. 

The results of this study arc limited, but they 
provide insight into the loss characteristics of a 
turbine stator channel. Further understanding will be 
provided by three-dimensional computer codes as 
they become available. 


Lewis Research Center 

National Aeronautics and Space Administration 
Cleveland, Ohio, March 17, 1981 
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